Benthic (sediment) microbial fuel cells were developed for an electric current generation. Bottom sediments from lake Karasun (Krasnodar, Russia) were used to create isolated bioelectricity producing system. Dependence of electrical power and current on external resistance was studied. Differences of optimal bioelectricity producing parameters depending on system aging were found.
Introduction
Microbial fuel cell (MFC) is a microbiological or biochemical device for direct electrical power produce. MFC configuration is based on two inert (usually carbon) electrodes, placed in two environments with different red/ox potentials. Anode is situated in oxygen-poor zone, enriched by organic matter. Cathode is placed in an oxygen-rich environment. These two environments must be separated by a proton-exchange system that is permeable to protons. Usually, protonexchange membrane, like a NAFION™ plays role of that system. Microbes presented in anaerobic environment, form a biofilm on an anode surface. Its natural biochemical NADH unloading pathways transform to obtain the electron transferring to the anode. Electrical current is generated by electron migration to cathode, where it reacts with an oxygen and a proton to form water (Logan, Hamelers, Rozendal, Schröder, Keller, et al., 2006; Logan, 2008) . Currently, researches have focused on developing environmentally placed MFCs as an energy source for low power devices (Fei Zhang, Lei Tian, and Zhen He, 2011) .
Results and discussion
The lake Karasun, located in immediate proximity from Kuban State University (Krasnodar, Russia), is a typical freshwater landlocked reservoir. The chain of such reservoirs was extended through Krasnodar, along an old channel of the river Kuban. The bottom sediments of this lake are a sufficient source of nutrients for anaerobic microflora. Besides, bottom sediments can be used for production of electric energy using microbial fuel cell (MFC) benthic (sediment) type. The choice of given MFC type is connected to its practical importance as autonomous lowpower energy source. Absence of an expensive membrane (and others protonexchanging systems), and also a reduction of body and other carrying constructive elements have caused interest to the given device. A basis of this MFC is the anode buried in anaerobic bottom sediments (slurries) of the lake and the cathode, located above it under a water surface. A water column located between them plays the role of proton-exchanging system. An effective carry of a charge and colonization of the anode by steady electrogenic microbial association were provided by carbon electrode material with the big specific area usage. The structure of the anode was corresponded to the multiple scheme (some anode plates connected with wire). Plates of the anode were located on various depths in slurry, in vertical or horizontal position. In the experiment, the volume of slurry (with the column of natural water located above it) was placed in a big glass vessel. The cathode was located as described above. The system was maintained within several weeks for an electrogenic microbial community formation. The microbial biofilm forms on a surface of the anode (anodophilic community). The anodophilic community was formed naturally on the basis of slurry's own microflora under short circuit condition. The corresponding measuring equipment was used for electric characteristics measurement. For revealing an optimum power displaying mode, we used an external resistance (kit of resistors) in a range 0-10 kOm. A step of resistance increasing -1 kOm. Experiment has been carried out twice, with an interval for two months. Within these two months the electric power, producing by electrogenic microbial community, was consumed by an electronic control system and was used for a light-emitting diode supply. A dependences U and I from an external resistance quantity are represented in Figures 1 and 2 accordingly. The dependence of electric current power, calculated as product U and I on external resistance size, is resulted on Figure 3 . In the first measurements, maximal MFC power was fixed at external resistance in a circuit about 5 kOm has made 36.6 μW. After two months of experiment, the maximal power quickly achieved 58.5 μW at zero external resistance. The power was reduced and stabilized in area 15 μW in process of resistance increasing more than 2 kOm value. Thus, in process of the system ageing the maximum of electric power producing may be obtained at smaller external resistances comparing the initial system. This fact can be connected with reduction of accessible nutrients, toxic metabolites accumulation, changes of anodophilic microbial communities and other factors; because experimental system was closed. The listed restrictions are removed in case in a similar design benthic MFC disposing in the open pond. Diffusion and migration of substances in an open system provide electrobiological and/or electrochemical processes on electrodes with necessary nutrients. A lot of researches demonstrate that benthic MFC can produce electricity for a long time (months and more) (Tender, Gray, Groveman, Lowy, Kauffman, Melhado, Tyce, Flynn, Petrecca, and Dobarro, 2008; Guzman, Cooke, Gay, Radachowsky, Girguis, and Chiu, 2010) . P, μW R, kOm P before P after
